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1.  INTRODUCTION 

The  overall  objective  of  this  study  is  the  calcul- 
ation, analysis,  and  presentation  of  the  flow  field  around 
selected  ogive  bodies  at  various  Mach  numbers  and  two  angles 
of  attack.  The  results  of  the  study  are  pressure  coefficient 
and  body  normal  forces  for  the  various  bodies.  The  Mach 
number  range  of  interest  is  from  subsonic,  M^O.5,  to  the  high 
supersonic,  M^5,  Analysis  presentation  includes  plots  of 
pressure  and  Mach  number  distribution,  and  drag  coefficient 
as  a function  of  free  stream  Mach  number. 

A total  of  17  bodies  are  considered  in  this  report. 
Sixteen  of  the  bodies  have  bluntness  ratios  from  0 to  1 and 
fineness  ratios  from  4 to  .5  (see  Figure  2-1).  The  seventeenth 
body  (Special  Body  N27,  see  Figure  2-2)  is  characterized  by 
specified  dimensions.  The  body  geometries  for  the  17  shapes 
are  given  in  Section  2. 

In  Section  3 the  computer  simulations  used  to  obtain 
the  plotted  data  are  discussed,  including  the  body  shape  input 
requirements . 

Aerodynamic  curves  for  all  the  body  shapes  are  pre- 
sented in  Section  4.  The  plots  are  for  free  stream  Mach 
numbers  from  0 to  4.5,  and  angles  of  attack  of  0 and  2 degrees. 
The  body  shapes  have  been  normalized  with  the  diameter  of  the 
attached  cylinder  considered  to  be  unity.  Also  included  in 
Section  4 are  plots  of  drag  coefficient  of  each  body  as  a 
function  of  Mach  Number. 

Section  5 consists  of  a brief  discussion  of  the 
problems  encountered  during  the  study  and  discussion  of  the 
resulting  plots,  conclusions  drawn,  and  recommendations  for 
possible  further  study. 

Last,  a list  of  references  is  Included.  This  con- 
sists primarily  of  the  documentation  supporting  the  computer 
simulations  utilized. 
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2 . BODY  GEOMETRY 


A total  of  17  ogive  body  shapes  are  considered 
in  this  report.  Sixteen  of  them  are  characterized  by  blunt- 
ness ratios  from  0 to  1 and  fineness  ratios  from  4 to  .5. 


- NOSE  RADIUS 


Figure  2-1.  Ogive  Body  Geometry 


From  Figure  2-1,  the  bluntness  ratio  is  defined 
as  the  nose  radius  divided  by  the  attached  cylindrical  body 
radius : 

Bluntness  = ^ 

In  this  report  bluntness  ratios  of  0,  .2,  .4,  .6,  .8  and  1 
are  considered,  where  a bluntness  of  0 is  a sharp  ogive  and 
of  bluntness  of  1 is  a hemispherical  ogive.  Also  from  Figure 
2-1,  the  fineness  ratio  is  defined  as  the  ogive  body  length 
divided  by  the  diameter  of  the  attached  cylinder: 

Fineness  = 

Fineness  ratios  of  4,  3,  2 and  .5  are  considered  in  this 
report,  where  a fineness  ratio  of  1 is  a hemispherical  ogive. 
The  body  shapes  are  normalized  with  the  cylinder  diameter, 
considered  to  be  unity. 
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The  17th  ogive  body  Is  defined  by  a specified  nose 
radius,  cylinder  radius,  length  and  cone  half  angle  as  in- 
dicated in  Figure  2-2. 


t 


Figure  2-2.  Special  Body  N27 

Listed  below  in  Table  2-1  are  the  17  body  shapes  this  report 
f considers,  along  with  the  bluntness  and  fineness  ratios  of 

each  body  (except  for  body  shape  17).  Also  listed  are  values 
of  and  L. 
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3. 


COMPUTER  PROGRAM  UTILIZATION 


Several  computer  simulations  were  required  to  generate 
the  pressure  coefficient,  Mach  and  drag  coefficient  data  plot- 
ted in  Section  4,  depending  upon  the  free  stream  Mach  number 
being  considered  and  whether  the  body  shape  has  a blunted  or 
sharp  nose.  These  programs  are  discussed  separately,  including 
body  shape  input  requirements  and  output  data. 

3.1  DOUGLAS-NEUMANN  PROGRAM 

The  Douglas-Neumann  Program  is  used  for  low  free 
stream  Mach  numbers  (.6  or  lower).  With  body  shapes  input 
either  as  an  array  of  points,  as  generated  ellipsoids,  or  as 
generated  bodies  with  elliptical  cross  sections,  the  program 
will  calculate  the  total  velocity  (normalized  with  the  free 
stream  velocity,  V Infinity)  and  pressure  coefficient  as 
functions  of  the  distance  from  the  nose  along  the  body.  For 
this  study,  free  stream  Mach  numbers  of  0 (incompressible 
case)  and  .6  were  used  and  all  bodies 'were  input  as  generated 
bodies  with  elliptical  cross  sections. 

For  anything  greater  than  Mach  0,  a Mach  correction 
is  applied,  resulting  in  "stretching"  the  body  axially  to 
account  for  the  input  free  stream  Mach  number.  Since  this 
correction  is  applied  axially  along  the  body,  there  is  no 
provision  for  considering  an  angle  of  attack  when  a Mach  cor- 
rection is  applied.  Thus,  to  obtain  data  for  the  Mach  .6  case 
with  angle  of  attack  2°,  a combination  of  two  runs  was  neces- 
sary. The  axial  flow  case  of  Mach  .6  was  combined  vectorlally 
with  a vertical  flow  case  of  Mach  0 at  each  point  along  the 
body  and  the  approximate  velocities  and  pressure  coefficients 
were  calculated  as  follows: 
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axial  x cos  2°  + V,j,  vertical  x sin  2° 


CP  = Wl-V„ 


where  = total  velocity,  normalized  with  V infinity 


CP  = coefficient  of  pressure. 


TRANS  PROGRAM 


The  TRANS  Program  is  utilized  for  free  stream  Mach 
numbers  around  1.  In  this  study  Mach  numbers  of  .8,  .9,  .95, 
1.0,  1.05  1.1,  and  1.2  were  considered.  There  are  no  pro- 
visions for  considering  cases  with  angles  of  attack  applied; 
therefore  only  the  0 angle  of  attack  cases  were  developed. 
Bodies  are  input  in  segments,  and  all  segments  are  considered 
to  be  uniform  with  respect  to  the  longitudinal  axis. 


0,0  X \ 


\ 1 
\ I 
N. 


Figure  3-1.  TRANS  Body  Segment  Definition 


JJ/ 


For  the  blunt  nose  ogive  body  shape  there  are  three  separate 
body  segments.  Each  segment  is  input  by  specification  of  con- 
stants A through  F in  the  equation 

2 2 

Ay  + Byx  + Cx  + Dy  + Ex  + F » 0. 

From  Figure  3-1,  Body  Segment  is  input  as  the  arc  of  a circle 
of  radius  R with  the  origin  at  (Rj^.O)  and  satisfies  the 
equation 

(y  - 0)2  + (X  -R^)2  = R^2 

Thus,  the  constants  A and  C are  one  and  the  constants  B,  D and 
F are  zero,  resulting  in  an  equation  of  the  form 

2 2 

y + X + Ex  * 0. 

Similarly,  Body  Segment  2 is  input  as  the  arc  of  a circle  of 
radius  Rg  with  the  origin  at  (L,(Rg-R2)),  and  satisfies  the 
equation 

[y-(RQ-R2)]2  + (x-L)2  - 

Thus,  the  constants  A and  C are  one,  and  the  constant  B is 
zero,  resulting  in  an  equation  of  the  form 

2 2 

y + X + Dy  + Ex  + F -0. 

The  third  body  segment  is  defined  as  a straight  line  parallel 
to  the  x axix,  depicting  the  cylinder  attached  to  the  ogive. 
Thus,  from  Figure  3-1,  Body  Segment  3 satisfies  the  equation 

y - Rr 

where  the  constants  A,  B,  C and  E are  zero. 
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TRANS  outputs  the  coefficient  of  pressure  and  Mach 
as  a function  of  the  distance  from  the  tip  of  the  nose  (from 
Figure  3-1,  x along  the  body).  Also  the  drag  coefficient 
is  calculated  as  a function  of  the  input  of  free  stream  Mach 
number.  A description  of  the  TRANS  program  is  provided  in 
Reference  1. 


3.3  BARNWELL  BLUNT  BODY  AND  CONAL  PROGRAMS 

Programs  used  for  calculating  flow  at  high  free 
stream  Mach  numbers  (2  and  greater)  are  very  sensitive  to 
where  the  shock  wave  attaches  to  the  nose  of  the  ogive  body 
shape.  They  must  have  pressure  data  from  the  nose  tip  past 
where  the  shock  wave  attaches  to  ensure  stability.  This  data 
is  generated  by  an  intermediate  program.  The  program  used 
for  all  blunt  nose  cases  is  the  Barnwell  Blunt  Body  Program 
(BBB)  whereas,  the  CONAL  Program  is  used  for  all  sharp  nose 
cases . 

Input  to  BBB  is  accomplished  through  NAMELIST.  A 
reference  surface  of  the  body  is  defined,  and  body  segments 
are  input  as  radii  of  curvature. 


SHOCK 


SAI.317S 


Figure  3-2.  Barnwell  Blunt  Body  Coordinates  and  Geometric 
Parameters 

J7/-^ 
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A nonorthogonal  computational  coordinate  system  is  used.  This 
coordinate  system  is  oriented  with  respect  to  a reference  sur- 
face (see  Figure  3-2)  which  is  symmetric  about  an  axis  and 
which  has  a generator  composed  of  segments  of  constant  curva- 
ture (circular  arcs  and  straight-line  segments).  Execution 
of  the  BBB  Program  requires  the  input  of  the  initial  shock 
shape  as  specified  by  the  equation 

= -2RgX  - BgX^ 

where  Rg  is  the  nose  radius  of  curvature  and  Bg  is  the  blunt- 
ness. These  shock  parameters  are  obtained  from  constants  given 
in  Reference  2 as  a function  of  free  stream  Mach  number.  The 
body  shapes  input  to  the  BBB  Program  are  normalized  with  the 
nose  radius,  considered  to  be  unity. 

For  a more  thorough  understanding  of  input  speci- 
fications and  the  theory  on  which  the  BBB  Program  is  based, 
see  Reference  3. 

Input  to  the  CONEAL  Program  consists  of  specifying 
the  cone  half  angle,  (see  Figure  3-3),  free  stream  Mach 
number  and  initial  and  final  angles  of  attack. 


Figure  3-3.  CX)NAL  Cone  Half  Angle 

^ J^/-^ 


Output  of  both  programs  consists  of  an  array  of 
pressure  distributions  as  a function  of  distance  from  the 
ogive  body  nose  tip.  These  arrays  are  input  to  the  GASL 
Three-Dimensional  Method  of  Characteristics  Program  as  initial 
conditions.  This  program  is  discussed  next. 

3.4  THREE-DIMENSIONAL  METHOD  OF  CHARACTERISTICS  PROGRAM 

The  GASL  3D  Method  of  Characteristics  Program 
(3D  M(XD)  is  Initiated  with  the  pressure  distributions  developed 
by  the  BBB  and  CONEAL  Programs.  Body  shapes  are  input  in 
geometric  segments,  satisfying  the  equation 

R - HZ^  + KZ^  + AZ  + B 
or 


For  example,  a blunt  nosed  ogive  body  shape  is  input  in  the 
following  manner. 


section  (from  the  nose  tip  to  Zq_  is  determined  by  BBB  or 
CONEAL  and  input  to  the  3D  M(X:  Program  via  magnetic  tape. 
Section  1,  from  Zq  to  Z^' , is  input  in  the  form 


where  the  constants  and  are  zero,  and  the  constants 


Bj^  and  are  one.  Thus, 


As  noted  from  Figure  3-4,  the  body  dimensions  have  been 
normalized  by  allowing  the  nose  radius  to  be  unity. 

Body  Segment  2 is  input  in  the  form 


where  K^,  B^,  Zg,  Hg  and  Ag  are  defined  in  Figure  3-4. 

The  constants  are  normalized  with  the  nose  radius,  considered 
to  be  unity. 

Body  Segment  3 is  input  as  a straight  line  in  the  form 


Rg  - HgZg^  + KgZg^  + A3Z3  + Bg 

where  Hg,  Kg  and  Ag  are  zero  and  Bg  equals  the  radius  of  the 
attached  cylinder,  normalized  with  the  nose  radius. 

Since  for  the  sharp  nosed  body  shapes  the  nose 
radius  is  zero,  these  bodies  are  normalized  with  the  attached 
cylinder  diameter. 


The  output  of  the  3D  HOC  Program  consists  of  pressure 
distribution  arrays  over  the  entire  ogive  body.  These  arrays 
are  read  to  magnetic  tape  for  use  in  the  next  program  discussed, 
the  Aerodynamic  Coefficients  Program.  Reference  4 discusses 
the  3D  MOC  Program  and  its  uses  in  detail. 

3.5  AERODYNAMIC  COEFFICIENTS  PROGRAM 

The  Aerodynamic  Coefficients  Program  (AC)  is  used 
to  obtain  aerodynamic  coefficients  from  pressure  distributions 
output  by  the  3D  MOC  Program.  The  parameters  input  to  AC  in- 
clude the  cone  half  angle  (as  defined  in  Figure  2-2),  angle  of 
attack,  free  stream  Mach  number,  and  reference  length  or  nose 
radius.  The  program  calculates  the  coefficient  of  pressure 
and  Mach  as  a function  of  the  distance  from  the  origin  (as 
defined  in  Figure  3-4).  Also,  AC  calculates  the  drag  coef- 
ficient as  a function  of  free  stream  Mach  number. 

Reference  5 contains  a thorough  description  of  the 
Aerodynamics  Coefficients  Program,  Including  the  theory  and 
complete  input  requirements. 
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4.0  PRESSURE  COEFFICIENT,  MACH  AND  DRAG  COEFFICIENT  PLOTS 

Section  4.0  contains  all  of  the  data  plots  generated 
by  the  DN,  TRANS  and  AC  Programs.  The  pressure  coefficient  and 
Mach  plots  are  arranged  by  body  shape  number,  with  the  plots 
for  an  angle  of  attack  of  zero  degrees  preceeding  those  for  an 
angle  of  attack  of  two  degrees.  Following  the  plots  for  each 
body  shape  are  the  Coefficient  of  Drag  vs  Free  Stream  Mach  Number 
plots  for  all  of  the  body  shapes. 

One  set  of  plots  for  a body  shape  consists  of  the 

following: 

Coefficient  of  Drag  vs  Ogive  Length 
for 

Mach  0,  .6  Alpha  0 

Mach  .8,  .9,  .95,  1.0,  1.05,  1.1,  1.2  Alpha  0 

Mach  2.,  2.5,  3.,  3.5,  4.,  4.5  Alpha  0 

Mach  0 Alpha  2 

Mach  .6  Alpha  2 

Mach  2 . 0 Alpha  2 

Mach  2.5  Alpha  2 

Mach  3.0  Alpha  2 

Mach  3 . 5 Alpha  2 

Mach  4.0  Alpha  2 

Mach  4.5  Alpha  2 

Velocity/Velocity  Infinity  vs  Ogive  Length 
for 

Mach  0,  .6  Alpha  2 

Mach  vs  Ogive  Length 
for 

Mach  .8,  .9,  .95,  1.0,  1.05,  1.1,  1.2  Alpha  0 
Mach  2.,  2.5,  3.,  3.5,  4.,  4.5  Alpha  0 


Jlr 
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Velocity/Velocity  Infinity  vs  Ogive  Length 
for 


Mach 

0 

Alpha  2 

Mach 

.6 

Alpha  2 

Mach 

vs  Ogive  Length 

for 

Mach 

2.0 

Alpha 

2 

Mach 

2.5 

Alpha 

2 

Mach 

3.0 

Alpha 

2 

Mach 

3.5 

Alpha 

2 

Mach 

4.0 

Alpha 

2 

Mach 

4.5 

Alpha 

2 

The  following  symbols  are  used  on  the  plots. 


Symbol 

M 

A 

Alpha 

Theta 


BS 

O.X,  ,Y. 
+ ,*,L 


Meaning 

Mach 

Angle  of  Attack 
Angle  of  Attack 

Angle  measured  from  center  of  body  at 
each  point  on  the  body  - applicable 
only  for  angle  of  attack  plots  (see 
Figure  4-1) 

Body  Shape 

Plot  symbols  representing  first  line 
through  seventh  line,  respectively, 
plotted 


For  example,  the  plot  titled 

"BODY  SHAPE  1 MACH  2 ALPHA  2 THETA  0,  60,  120,  180" 
has  "0",  "X",  " ",  and  "Y"  plot  symbols  representing  the  theta  = 

0,  60,  120  and  180  lines,  respectively. 

Similarly,  the  plot  titled 

"BODY  SHAPE  1 MACH  2.,  2.5,  3.,  3.5,  4.,  4.5  ALPHA  0" 
has  "0",  "X",  " ",  "Y" , "+"  and  symbols  representing  the 

Mach  2,  2.5,  3,  3.5,  4 and  4.5  lines,  respectively. 
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POLAR  SECTION  AT  CONSTANT  AXIAL 
STATION  Z (BODY  COORDINATES, 

SEE  REFERENCE  51 


Figure  4-1.  Definition  of  Theta 
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BODY  SHAPE  1 MACH  . 8, . 9. . 95. I . 0 ALPHA 


BODY  SHAPE  1 MACH  2. , 2. 5. 3. . 3. 5. 4. ► 4. 5 ALPHA 


BODY  SHAPE  1 M 0 ALPHA  2 THETA  -10,-50.90,50.10 


BODY  SHAPE  1 MACH  .6  ALPHA 
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Figure  4-6.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 


BODY  SHAPE  I MACH  2 ALPHA  2 THETA  0,60,120.180 


MCIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
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BODY  SHAPE  1 MACH  3 ALPHA  2 THETA  O.GO.120.180 
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BODY  SHAPE  1 MACH  0...6  ALPHA 
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BODY  SHAPE  1 MACH  2. . 2. 5. 3. . 3. 5. 4. . 4. 5 ALPHA 
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Figure  4-15.  MACH  VS  OGIVE  LENGTH 
BS-1  M2, -4. 5 AO 


ALPHA  2 THETA  -10.-50.90,50.10 


INFINITY  VS  OGIVE  LENGTH 
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Figure  4-17.  VEL  / VEL  INFINITY  VS  OGIVE  LENGTH 
BS-I  M.6  A2 
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BODY  SHAPE  1 MACH  3 ALPHA  2 THETA  0.60.120.180 
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MACH  3.5  ALPHA  2 THETA  0.60»120, 180 


Figure  4-21.  BS- 


BODY  SHAPE  1 MACH  4 ALPHA  2 THETA  0.60.120. 180 
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BODY  SHAPE  2 MACH  2. , 2. 5. 3. . 3. 5. 4. , 4. 5 ALPHA 


BODY  SHAPE  2 M 0 ALPHA  2 THETA  - 1 0. -50.  90.  50.  1 0 
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Figure  4-28.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
BS-2  M.6  A2 


BODY  SHAPE  2 MACH  2 ALPHA  2 THETA  O.GO. 120. 180 


BODY  SHAPE  2 MACH  2.5  ALPHA  2 THETA  0.60.120.180 
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BODY  SHAPE  2 M 0 ALPHA  2 THETA  -10.-50.90.50.10 
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Figure  4-39.  VEL  / VEL  INFINITY  VS  OGIVE  LENGTH 
BS-2  M.6  A2 
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BODY  SHAPE  2 MACH  3 ALPHA  2 THETA  0.60.120.180 
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BODY  SHAPE  2 MACH  3.5  ALPHA  2 THETA  0,60.120.180 
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BODY  SHAPE  2 MACH  4 ALPHA  2 THETA  0.60.120.180 
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Figure  4-44.  MACH  VS  OGIVE  LENGTH 
BS-2  M4  A2 
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BODY  SHAPE  3 MACH  0.,.6  ALPHA 


Figure  4-46.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
BS-3  MO.. 6 AO 


BODY  SHAPE  3 MACH  . 8, . 9. . 95» 1 . 0 ALPHA 
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BODY  SHAPE  3 MACH  1.05.1.1.1.2  ALPHA 


Figure  4-47.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
BS-3  M.8-1.2  AO  (Continued) 


BODY  SHAPE  3 MACH 


BODY  SHAPE  3 MACH  .6  ALPHA 
THETA  -10.-50.90,50, 10 
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Figure  4-50.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
BS-3  M.6  A2 


BODY  SHAPE  3 MACH  2 ALPHA  2 THETA  0,60,120,180 
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BODY  SHAPE  3 MACH  3 ALPHA  2 THETA  0.60.120.180 
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BODr  SHAPE  3 MACH  3.5  ALPHA  2 THETA  0.60,120.180 
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BODY  SHAPE  3 MACH  4 ALPHA  2 THETA  0.60,120,180 


Figure  4-56.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
BS-3  M4.5  A2 
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BODY  SHAPE  3 M 0 ALPHA  2 THETA  -10.-50.90.50.10 


I 


JNIA/A  ‘AilNIdNI  AiID013A  / Ail30“13A 


81 


llll/IIIUUIIHIIIHIIIIUIUniUlllllllllllllllllMIIIIIIIIII 

iinMimiifiiiNniiiminifiiiuiniiiiiiiiiiiiiiiiiiiiiiii 

iniiiiiiiiiiiiiHliiiiHiniiiniiiiiiiiiiiiiniiiiiiiiiiiiiiiii 

■■uifiiiinmiiuiMiiMiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiii 

iiiiiiiiiniHifiiiHiiiiiiiiniiiiifiiiuiiiiiiuiiiiiiiiiiiiii 

iiBiyiiiiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
iiniiiiiiiiiiiuiiiiiiiMiiiiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
iiilViiiniiiiniNiiiiiiiiiiniiimiiiiiiiiiiiiiHiiiiiiiiiiii 
lllHuilllllUllfillllllllllNlllllllllllllllllllllllllllllllll 
iiiiVAiiiiuiiiiiiiiniiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
iiikW^iiiiiiiiiiiiiiiiiiiiiiiiiiuiiiuiiiiiiiiiiiiiiiiiiiiiiiii 
mil  WYiiiiiiiiiiiiiiiiifiiiiiiiiiiif  111111111111111111111111111 

iiiiivVyuiHiiiiiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiii 

iiiinv^miiMiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

lllllU\willlllillllllllHII|HIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 

iiiiiniv\uiiiiiiiiiHiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

iiiiiiiMSliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiyiiiiiiiii 

iiiiiiii!^iiiiiii|iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii«iiiiiiiiii 

iiiiiiifimiiiiiiiiiiiMiiimiiiiuiHiiiiiiiiiiiiiiiiiiiiiiui 

iiiiiiingw^iiiiiiiiiiiiiiiiiiiiiiiuiiiiiiiiiimiiiiiliiiiii 

iiiiiiiiiim^ilihiiiiiiiiiiiiiiiiiNiiiiiiiiiiiiiiiiiiiiiiim 

iiiiiiiiii0&iiiiiiiiHiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiim 

iiiiiiiiiimfiMiiiiiiiiHiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
lllllllllllIKKMIlllllllllllllllllllllllllllHIIIIIIIIIIIIIIIII 

iiiiiiiiiiiin^yiiiiiui 

iiiiiiiiiiiiii^^mHiii 
llllllllllllllilSiSfiiMMMI 


iiiiiiiiiiiiiitiiiiiiimKmiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiii 

iiiiiiiiiiiiiiiiiiiiMafy/iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

iiiiiiiiiiiiiiHiiKaraMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

IIIIIIIIIIUIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 

lllll■llmllllllillllllllllllllllllllllllllll■lllllllllllllllll 

llllllllllllllllllll■llllllllllllllllllllllllllll■llllllllllll■l 


dNIA/A  ‘AilNIdNI  AiI30n3A  / AilOOIBA 


82 


BODY  SHAPE  3 MACH  2.5  ALPHA  2 THETA  0,60.120.18 
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BODY  SHAPE  3 MACH  3.5  ALPHA  2 THETA  0.60.120.180 


86 


BODY  SHAPE  3 MACH  4.5  ALPHA  2 THETA  0.60.120.180 


Figure  4-67.  MAC; I VS  OGIVE  LENGTH 
® BS-3  M4.5  A2 
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BODY  SHAPE  4 M 0 ALPHA  2 THETA  -1 0. -50.90.50. 10 


BODY  SHAPE  4 MACH  .6  ALPHA  2 
THETA  -10.-50,90.50.  10  
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BODY  SHAPE  4 MACH  2 ALPHA  2 THETA  0,60,120.180 
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BODY  SHAPE  4 MACH  2.5  ALPHA  2 THETA  0.60.120.180 
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BODY  SHAPE  4 MACH  3.5  ALPHA  2 THETA  0»B0,120,180 


BODY  SHAPE  4 MACH  4 ALPHA  2 THETA  0,60.120,180 


BODY  SHAPE  4 MACH  4.5  ALPHA  2 THETA  0.60.120.180 


Figure  4-78.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
BS-4  M4.5  A2 
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BODY  SHAPE  4 M 0 ALPHA  2 THETA  -10.-50.90.50.10 


BODY  SHAPE  4 MACH  2 ALPHA  2 THETA  0.60»120.180 


BODY  SHAPE  4 MACH  2.5  ALPHA  2 THETA  0,60.120.180 
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BODY  SHAPE  4 MACH  3 ALPHA  2 THETA  0»60.120.180 
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BODY  SHAPE  4 MACH  4 ALPHA  2 THETA  0.60,120,180 


Figure  4-88.  mACH  VS  OGIVE  LENGTH 
BS-4  M4  A2 
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BODY  SHAPE  5 MACH  0...6  ALPHA 
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BODY  SHAPE  5 MACH  1.05.1.1.1.2  ALPHA 


Figure  4-91.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
BS-5  M.8-1.2  AO  (Continued) 
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BODY  SHAPE  5 MACH  2 ALPHA  2 THETA  0.60.120.180 


BODY  SHAPE  5 MACH  2.5  ALPHA  2 THETA  0.60.120,180 


BODY  SHAPE  5 MACH  3 ALPHA  2 THETA  0,60»120»180 


dO  'BanSSBdd  dO  INdlOIddBOO 


122 


BODY  SHAPE  5 MACH  3.5  ALPHA  2 THETA  0.60.120,180 


Figure  4-98.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
BS-5  M3.t>  A2 
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BODY  SHAPE  5 M 0 ALPHA  2 THETA  -10.-50.90.5 
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Figure  4-105.  VEL  / VEL  INFINITY  VS  OGIVE  LENGTH 
BS-5  M.6  A2 


BODY  SHAPE  5 MACH  2 ALPHA  2 THETA  0.60.120,180 
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BODY  SHAPE  5 MACH  2.5  ALPHA  2 THETA  0.60.120.180 
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BODY  SHAPE  5 MACH  3 ALPHA  2 THETA  0.60,120,180 


BODY  SHAPE  5 MACH  3.5  ALPHA  2 THETA  0.60.120.180 
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BODY  SHAPE  5 MACH  4 ALPHA  2 THETA  0.60,120,180 
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BODY  SHAPE  5 MACH  4.5  ALPHA  2 THETA  0.60,120.180 
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Figure  4-111.  MACH  VS  OGIVE  LENGTH 
BS-5  M4.5  A2 
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BODY  SHAPE  8 MACH  1.05.1.1,1.2  ALPHA 
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Figure  4-1X3.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
BS-6  M.8-i.2  AO  (Continued) 
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Figure  4-116.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
BS-6  M.6  A2 
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BODY  SHAPE  8 MACH  3 ALPHA  2 THETA  0.60» 120.180 
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BODY  SHAPE  6 MACH  3.5  ALPHA  2 THETA  0.60,120.180 
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BODY  SHAPE  6 MACH  4 ALPHA  2 THETA  0.60.120.180 
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BODY  SHAPE  6 MACH  4.5  ALPHA  2 THETA  0,60.120.180 
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BODY  SHAPE  6 M 0 ALPHA  2 THETA  -1 0, -50» 90» 50» 1 0 
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Figure  4-127.  VEL  / VEL  INFINITY  VS  OGIVE  LENGTH 
BS-6  M.6  A2 
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body  shape  6 MACH  3 ALPHA  2 THETA  0.60.120.180 
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Figure  4-131.  MACH  VS  OGIVE  LENGTH 
BS-6  M3. 5 A2 
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BODY  SHAPE  6 MACH  4.5  ALPHA  2 THETA  0.60.120.180 
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Figure  4-133.  MACH  VS  OGIVE  LENGTH 
BS-6  M4.5  A2 


BODY  SHAPE  7 MACH  1.05.1.1.1.2  ALPHA 


Figure  4-135.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
BS-7  M.8-1.2  AO  (Continued) 
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BODY  SHAPE  7 MACH  .6  ALPHA 
THETA  -10,-50.90.50.  10 


BODY  SHAPE  7 MACH  2 ALPHA  2 THETA  0.60.120,180 


168 


BODY  SHAPE  7 MACH  4 ALPHA  2 THETA  O.BO. 120. 180 


Figure  4-143.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
BS-7  M4  A2 
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Figure  4-146.  MACH  VS  OGIVE  LENGTH 
BS-7  -----  '- 


BODY  SHAPE  7 MACH  2. . 2. 5. 3. . 3. 5. 4. . 4. 5 ALPHA 


Figure  4-147.  MACH  VS  OGIVE  LENGTH 
BS-7  M2. -4.5  AO 
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BODY  SHAPE  7 MACH  2 ALPHA  2 THETA  0,60.120,180 
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Pigtire  4-154.  MACH  VS  OGIVE  LENGTH 
BS-7  M4  A2 
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Figure  4-158.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
BS-8  M2. -4. 5 AO 
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Figure  4-159.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
BS-8  MO  A2 
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BODY  SHAPE  8 MACH  2.5  ALPHA  2 THETA  0.60.120.180 
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Figure  4-162.  COEFFICIENT  OF  PRESS JRE  VS  OGIVE  LENGTH 
BS-8  M2. 5 A2 
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BODY  SHAPE  8 MACH  3.5  ALPHA  2 THETA  0.60. 120» 180 


Figure  4-164.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 


BODY  SHAPE  8 MACH  4 ALPHA  2 THETA  0.60» 120.180 
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BODY  SHAPE  8 MACH  4.5  ALPHA  2 THETA  0.60.120.180 


Figure  4-166.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
**  BS-_  M4.5  A2 
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BODY  SHAPE  8 MACH 
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Figure  4-169.  MACH  VS  OGIVE  LENGTH 
BS-8  M2.-4.5  AO 
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Figure  4-171.  VEL  / VEL  INFINITY  VS  OGIVE  LENGTH 
BS-8  M.6  A2 
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Figure  4-176.  MACH  VS  OGIVE  LENGTH 
BS-8  M4  A2 


BODY  SHAPE  8 MACH  4.5  ALPHA  2 THETA  0.60.120. 180 
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Figure  4-177.  MACH  VS  OGIVE  LENGTH 
BS-8  M4.5  A2 
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BODY  SHAPE  9 M 0 ALPHA  2 THETA  -1 


BODY  SHAPE  9 MACH  2 ALPHA  2 THETA  0.60.120.180 


Figure  4-183.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
BS-9  M2  A2 
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BODY  SHAPE  9 MACH  4 ALPHA  2 THETA  0,60.120,180 
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Figure  4-191.  HACH  VS  OGIVE  LENGTH 
BS-9  M2. -4. 5 AO 
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BODY  SHAPE  9 MACH  3 ALPHA  2 THETA  0.60,120,180 
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Figure  4-196.  MACH  VS  OGIVE  LENGTH 
BS-9  M3  A2 


Figure  4-198.  MACH  VS  OGIVE  LENGTH 
BS-9  M4  A2 
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Figure  4-199.  MACH  VS  OGIVE  LENGTH 
BS-9  M4.5  A2 
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BODY  SHAPE  10  MACH  1.05,1.1.1.2  ALPHA 


Fi^re  4-201.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
BS-10  M.8-1.2  AO  (Continued) 


Figure  4-203.  rQEPFICIENT  OF  PRESSURE  vs  OGIVE  LENGTH 
BS-IO  nl  A2 
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Figure  4-205.  COEFFICIENT  OF  PRESSURE,  CP 
BS-10  M2  A2 
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BODY  SHAPE  10  MACH  3 ALPHA  2 THETA  0.60.120.180 
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BOOV  SHAPE  10  MACH 


Figure  4-209.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
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Figure 


2.5  ALPHA  2 THETA  O.BO.120.180 


Figure  4-217.  MACH  VS  OGIVE  LENGTH 
BS-10  M2. 5 A2 
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Figure  4-218.  MACH  VS  OGIVE  LENGTH 
BS-10  M3  A2 
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MACH  4 ALPHA  2 THETA  0.60.120.180 


Figure  4-220.  MACH  VS  OGIVE  LENGTH 
BS-10  M4  A2 
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Figure  4-22 


BODY  SHAPE  11  MACH  1.05.1.1.1.2  ALPHA 
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Figure  4-223.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
BS-11  M.8-1.2  AO  (Continued) 
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BODY  SHAPE  11  MO  ALPHA  2 THETA  -10,-50.90.50.10 
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BODY  SHAPE  11  MACH  4 ALPHA  2 THETA  0.60.120.180 


X 

o 

UJ 

-I 

Ui 

> 

o 

o 


(/) 

> 


Q£ 

3 

(/) 

(/) 

LU 

XX. 

0. 


OCM 

< 


uj-sr 

o 


u,-. 
UJ  I 

o</) 

um 


CO 

N 

I 

0) 

(4 

3 

bb 


dD  *adnssadd  ao  iNaioiaaaoa 


BODY  SHAPE  11  M 0...6  ALPHA 


iKSBKSBSSSKSSK' 

IS!88SS8SSS!:!IS!!!:iiSSai:BBSS;SS8!S8S8S 

'88888888S88S!i8!!!8!i888S8888888888888888| 


■I 

..■III 

lUilllilliiiiiiiiiiiiiiiiiiil 

iiiiiiiiiiiii  Sill  ■■■■■■■■■■■■■■■■■■■! 

■l■■l■■■i■l!i  11 

iliiiiilillliCli  lllllliiiiiiiiiililiiiiHI 
.■■■■■■■■■■lilll■lllilli■■■■■■■■■■■■■■■■BB! 

I88888888SSS!8I!8888888888888888888 

lllllll»r/«»»!!!i!!!!nnHUUUiiH 
!55iiiifiiiii8888888888888888 

j55MM555i5i8888888888888888i8Mi* 


siiiiiilllllllllllllll!!!! 


■■iiiiiiiiiiiB»kZ***ii!!!!B!BB!B!BBBB! 


■■■■■■iiiii 


.■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■8IBBBI 

Eiiiiiiiiiiiiiiiiiiiii!!BB!B!BB!B!BBBB! 


M *H3VW 


271 


niiiiiiHiDin 

iiiniiiM 
iiiiiiHii 
lliniHilWBlIM 

■Aitiniiiiiii 
■niiliiimiiwiM 
niiiiniiMnnin 

■lUlllllUillllB 

■iiiiilitiiiii 
■■■■lIliltlAIM 
■milllHIlBIH 

■■uuuiiniiM 

SiiiiiiiMilH 

mmvkmmmwM 

■■■iiiiiAiriiMui 
■■niiimrjpmiMi 


[■Hiiiiiiiiiiiiiiiiiiiiiiiiiiiii] 

(■■■■■■■■■■■■■■■■■■■■■■■■ 


SBBBBBBIIBB8BBBBBBBBBB88BBBBBBBBB 

>88888B8!!B88B88B88888888888888888 

■■■■■■■I 

■■■■mtllHBIBHHHBHBIBBHHI--, 

■■■■■■■ 

■■■■■■bfihhhhbihhhbbbIBBB! 

BBBgaammaagaBm 

B!a8aiB!8Ba8HHH8B;j 


BBBBBBBBBBBBBBBBBBBBBBBBBBiiiBiB 


JNIA/A  ‘AilNIdNI  A113013A  / AilDOnBA 


273 


274 


BODY  SHAPE  11  MACH  2 ALPHA  2 THETA  0.60,120.180 
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Figfure  4-242.  MACH  VS  OGIVE  LENGTH 


280 


ALPHA 


BODY  SHAPE  1 2 MACH  1 . 05, 1 . 1 » 1 . 2 ALPHA 


o 


dO  *3dnss3ad  dO  iN3ia 


286 


BODY  SHAPE  12  MACH  .6  ALPHA 
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Figure  4-251.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
BS-12  M3  A2 
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Figure  4-262.  MACH  VS  OGIVE  LENGTH 
Q3-12  M3  A2 
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Figure  4-263.  MACH  VS  OGIVE  LENGTH 
BS-12  M3. 5 A2 
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Figure  4-265.  MACH  VS  OGIVE  LENGTH 
BS-12  M4.5  A2 
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Figure  4-292.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
BS-14  MO  A2 


BODY  SHAPE  14  MACH  2 ALP^a  2 thEYA  C.G0.120. 180 


I 


m 


iiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 


d3  *aunSS3Ud  jo  iN3I31dd303 


I 

t- 

o 

z 

UJ 


UJ 

> 

IP-t 

o 

o 


U} 

z 

LU 


LU 

> 

CD 

o 


cn 


Ui 

ct 

(/> 

to 

UJ 

a: 

a. 

u 

FJ 

t-rM 

Z*< 

UJ 

CJfM 


U.^ 

lil«-< 

O I 
CJUl 
CD 


05 

CM 

I 

'T 

05 

;3 

bo 

•H 

Ph 


336 


I 


mill 

■iiiii 

iiiifl 

I’d 

iKit 

iiiiii 

iiiiai 

mill 

Iiiiii 

iiKit 

iiiiiii 

iiiiiii 

Biiiii 
Hill 

mini 

mini 


Hfin 
lir 


imniiTniiniir 

iiHiiiiiiniinfi 

iiiijiuiiiiiiiifii 

nini|ni||niiii 
niniiiniinini 
ni«iiiiinniini 
lii  iiiiiiniiiiii 
iir  innnnnni 
niiininniiiiii 
niiiiinnnniii 
link  nniniiiiai 
111111111111111111 
111111111111111111 
linikiniiniini 
iiiniiiiimiini 
IIIIII  innninii 
ninirinniiini 
nniiniiniiini 
nnni'nnnnii 
nnniinnnnii 
iniiiiiiiiiiiiiii 

iiiiiiiioiifiiiifi 

nnnninnniii 
niimikiiiniiii 
ninniMiiiiiii 
niinniniiiiiii 
miiiiiii.'iiiiiii 
iiiiiiniifniiiii 
nnnnni  iniii 

iiiiiiiiiiikiiiiii 

niiiniiniMiiii 

iiiiiiimii  Hill 
IIIIIIIIIIIII1IMI 

■ininnnii  ini 


(iliii 

ilS!!! 

miiu 

IIIIII 
iiifii 

mill 

IIIIII 
IIIIII 

min 

IIIIII 

IIIIII  

mnnnnnnniniMiim 
mnniiiiiiiiiiiiiii  laiiii 
mniiiiiiiiiiiiiiiii  kiiaii 
mnniiniiHiiniii  inn 
mniiiiiiiiniiii*:Miiiii 

mnnllllll•::«lllllllnll 

■niiiiiiiiiiiiiiiiiiiiiiiii 

iniiiiiiiiiiiiiiiiiiiiinii 

ininiiiiiinnniiiinnn 

aiiiiiiiiiiiiiiiiiiiiiiiiifi 


ffi 


d3  *3iinSS3Ud  dO  lN3I3Idi303 


337 


Figure  4-295.  COEPFICIENT  Of  PRESSURE  VS  OGIVE  LENGTH 
BS-U  M2. 5 A2 
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Figure  4-298.  COEEFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
85-14  M4  A2 
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Figure  4-302.  MACH  VS  OGIVE, LENGTH 
BS-14  M2. -4.5  AO 
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Figure  4-306.  MACH  VS  OGIVE  LENGTH 

BS-U  M2. 5 A2 
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Figure  4-308.  MACH  VS  OGIVE  LENGTH 

BS-14  M3. 5 A2 
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Figure  4-317.  COEEFICIENT  QC  PRESSURE  VS  OGIVE  LENGTH 
BS-15  M2  A2 
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Figure  4-320.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
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Figure  4-343.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
BS-iS  M3. 5 K2 
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Figure  4-345.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
SS-I6  M4.5  A2 
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Figure  4-357.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
BS-17  MO.. 6 AO 
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Figure  4-359.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
BS-17  M.8-1.2  AO 
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Figure  4-360.  COEFFICIENT  OF  PRESSURE  VS  OGIVE  LENGTH 
BS-17  M2. -4. 5 AO 
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BODY  SHAPE  17  MACH  2 ALPHA  2 THETA  0,60.120.180 
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BODY  SHAPE  17  MACH  2.5  ALPHA  2 THETA  0.60.120.180 
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Figure  4-369.  VEL  / VEL  INFINITY  VS  OGIVE  LENGTH 
BS-17  MO.. 6 AO 
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Figure  4-371.  MACH  VS  OGIVE  LENGTH 
BS-17  M2. -4. 5 AO 
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Figure  4-374.  MACH  VS  OGIVE  LENGTH 
BS-17  M2  A2 


Figure  4-375.  MACH  VS  OGIVE  LENGTH 
BS-17  M2. 5 A2 
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BODY  SHAPES  1.  2,  AND  3 ALPHA 


03  *9Vaa  dO  iN3I3Idd303 


426 


BODY  SHAPES  4.  5.  AND  6 ALPHA 


Q3  *9Vda  dO  INBIDIddBOO 


427 


BODY  SHAPES  7.  8.  AND  9 ALPHA 
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5.0  RESULTS,  CONCLUSIONS,  AND  RECOMMENDATIONS 


Initially  this  study  was  to  include  body  shapes  with 
bluntness  ratios  of  .2,  .4,  .6  and  .8,  and  a fineness  ratio  of 
1.  However,  these  configurations  would  not  execute  in  the  3D 
Program.  It  appears  that  the  problem  stems  from  where  the  shock 
wave  attaches  to  the  body  for  these  shapes.  Also,  convergence 
problems  were  encountered  when  executing  the  TRANS  Program  for 
the  Mach  1.0  and  1.05  cases.  It  was  necessary  to  increase  the 
convergence  tolerances  for  these  Mach  numbers,  keeping  them  well 
within  acceptable  limits. 

Observations  of  the  plotted  data  reveals  very  little 
variation  in  the  plots  for  different  theta's  for  the  angle  of 
attack  cases.  Many  of  the  lines  were  so  close  together  as  to  be 
indistinquishable.  When  this  situation  occurred,  the  quality 
of  the  plot  was  significantly  diminished. 

The  plots  of  drag  coefficient  vs  free  stream  Mach 
number  Indicate  that  for  the  blunt  nose  shapes.  Body  Shape  3 
has  the  lowest  coefficient  of  drag  for  Mach  numbers  greater  than 
one.  Of  the  blunt  nose  shapes  Body  Shape  13  exhibits  the  highest 
coefficient  of  drag  for  all  Mach  numbers  considered. 

After  completion  of  tlie  runs  from  which  the  plotted 
data  was  obtained,  it  was  discovered  that  the  values  of  free 
stream  pressure  for  free  stream  Mach  numbers  of  2.5  through  4.5 
were  erroneous.  This  resulted  in  the  necessity  of  modifying 
the  pressure  coefficient  data  as  indicated  below. 


where 

CPnew  * correct  coefficient  of  pressure 

CP  > erroneous  coefficient  of  pressure 
- erroneous  free  stream  pressure 


438 


correct  free  stream  pressure 


a 

11 


ratio  of  specific  heats  (1.4  for  perfect  gas) 
free  stream  Mach  number 


The  corrections  were  made  to  the  CP  data  prior  to  plotting; 
however,  the  data  from  the  computer  printouts  for  the  3D  and  AC 
programs  were  not  corrected. 

Several  programs  had  to  be  executed  to  obtain  aero- 
dynamic data  for  each  body  shape  configuration,  depending  upon 
the  range  of  Mach  numbers  desired.  A future  effort  to  combine 
these  programs  may  be  feasible,  allowing  the  calculation  of  all 
pressure  coefficient  and  Mach  data  over  any  desired  range  of 
Mach  numbers. 
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